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(54) CAHONIC ELECTRODEPOSI-nON PROCESS AND COATING COMPOSmON FOR CAT10NIC 
ELECTRODEPOSmON 



(57) A cation elactrodeposlSon coating process and 
cation electrodeposition coating oon^sition that have 
a sufficieitlthrcmig pcwrar are prcvkJed. 

A process Ibr gatlonio electrodaposition coaling 
whicH comprises ffia steps of: 

(1) imrnmlng a AJbstrala In a catiarvc etoctrodapo- 
sftion coaling oomposBion; 
^) apply&ig a vd^a batuvcen an anode and said 
substrata, which aarves as a cathode, to thereby 
cause coatfilm deposition: and 
(3) ftjrther applywig aydtaga to the coatfilm depos- 
ited so as to Increase electrlo resistance par unit 
voftjme of said coat film. 

wherein, In said step (3>, coat films are d^osltad at 
ttioee sites of Iha suljstrate whera coat f Ifrns bava 
not yet baen deposltad, 

said catfonK sIsctrcxleposAion coating composition 
having a tima point when the electric resistance per 
unit volume of the coat fUm deposited increases In 
the couise of fllactrodepoatjon under constant-cur- 
rent corxitiods. 
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Description 

THCHNICAL HELD 

s The present invention relates to a cationfc elecirodeposftion coetfng process and a catksnic electrodfiposttion coef 
IriQ composftlorr that are sceDent In throwing power. 

BACKGROUND ART 

to Cattonio elactrgdepositon coating is a pr ocees by which even substratee compEbated 'm shape or ferm and details 
thereof can t>d suocessfldtir coated end by which coating can be conducted auCamatrcally ar^ oontihuously. TTieretora. 
ttis process has been generally used as a method tor pnMdlng autoinothre bodies and nte large-sized substrates com- 
plicated In shape and form and reqiired to have highly corrosion resistant with an undercoat As corrpared wfth other 
coating processes, this procese is very Mghl/ efficient from the paint consumption viewpoint, and henoe ecbnomlcaL It 
ts haa tiiua come into wide use as an Industrial coating process. 

Catlonic electrodepoeftion coating is effected by frrsnerstng a substate in a cationic electrodepo^don coating conv 
position Ibr said substrate to serve as a cathode, and applying a voltage thereta In the coating process, paint film dep- 
osition is caused by an electrochemical reaction. Upon voltage appflcatior^ paint emulsion particlffi.imgralB to the 
surfiaca of the substrate and deposit thereon to term a coat film. Ttie coat film depositfid showe an insulation perfbmi- 
£0 anca so that, in tine coating procassL the electrtc reslstance.of tite coat film increaaes praportixmaUy to the increase in ' 
film tiiicKriess as tha thickness of the deposit flm on the surface of said substrate increafie^ Ae a result, tiie pajnt dep- 
osition on the reisvant site decreases and. Instead, paint film d^JosWon besjins at a site having no deposit paim film as 
yet in mis manner, coating witin paint efnuteion particles proceeds from site to unci conpietion of cveratt coating. 
In the present specification, such from-sfte-to-slle sequential paint fflm formation is referred to as throwing power. 
2ff Such catiortic eiectrodeposrtjon coating process is generally eppffed to undercoating mainly fbr corrosion resist- 
aiwe. ItiethercfbrariBcessarytfialthepajntfDmthiclqiessbe notiessthanacerta^ everyplace even 

when the substrates have a compiex structure. Since, In catiorric eiectrodepoeitiort coating, insulating coat film portions 
are fbrmed secpjerrtfalfy on the surface of the substrate, as merrtioned above, the throwing povwr ts theoretically sip- 
posed to be tnfinrte, and unrform coat film formation must be attained in every place of the substrate. 
90 However, the throwrhg power is not always satisfactory in tiie prior art cattanic ^ectrodepositfon pmoessea: uneven 
film thicknesses tend to resuft. Thus, for instance, when evaluated tor tiTrowing power by the so-caJla;l four-sheet box 
method, the prior art catronic eiecirodeposltion coating conposftlons tested all ^ed ta show satisfactory tivowing 
power. Even tonnic aod-neutraJteed type coating oompcsiticns, which are said to show good tirowii^ powers* gave 
only G/A values around 46%, ti^i/s failing to show satisfactory tinmwing power, 
ss Consequentiy, uncoated sites remain and it is difficult to form a d^>o$it film wfth a desired thidviess on those $rtes 
that are narrow or limfted or that are located within a box-shaped structure. A \onQ time Is requVed if coetlng of detaib 
with coat filrr« wfth a fHm IhjcKness not less than a 6i;fecffied value is desired, if an increased film thickness fe pursued 
In those parts which the paint can haroly reach, for ewan^la smaO holes and wefoed portions, the film thicknasa in those . 
parts that are In contact with a large quantity of paint, for example outside sheets, will baoome unneces&ailly thl^ 
40 resulting in waste of paint, efectric energy arxJ trns. 

Fbf reducing such waste, it is necessary to intarease the throwing power. A presumable causa of reduced throwing 
power rs tiial ionic groups, hydrated functional groi4JS and the Dke contained in the paint remain In the coajtlims formed 
and serve as charge transfer media, thus reducing the electnc resistance of coat fams. For realteine high throwing 
power In cationfc electrodeposrtion coating^ il ^ necessary to eliminaie such factor. 
48 However, for making efectrodepositsbie a coating con^position tor use in cationic electrodepoaHton coalirtg, ft is 
necessary to design said coating compoeition to make it water-based and neutralized, As a result fons are unavoMably 
contained therein In an amount not lower than a cert^n level. Therefore, It is difficutt to prevent adverse irtfluences of 
ionic groups remairtng in Ihe coat film deposited. Accordingly, tiie advent of a cationic eieelradeposrtfon coating pnjc- 
ess in which the throwing power is Improved and by which coat f Ims can easily tie formed in a abort time even on parts 
so ottieniMGe hardly ooatable^ whie avoiding unnecessary increases in film tiiickness on those parts that are reacffly coat- 
able haa been waited for. 

SUMMARY OP THE INVEI^mON 

sa In view of the above-mentioned state of the art. h is a primary object of the present invention to provide a cationic 
eteotrodeposition coating process and a cationic electrodeposition coating composition by or with Which sufficient 
throwing powers can be obtained. 

As a result of their intensive investigations, tiie present inventors turned tiieir attention to the electric reslstanoe par 
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unit volume of the coat fflm depositing on the surface of the subetrate with the progress of electrodeposhion and found 
that the throwing pcwor can be markedly raeased when said electng resistanra per urUl vofume is increased in 1h8 
couree ot eiectrgdeposition. The present fwerilion ha$ now tJeen completed on such findings. 

Thus, the cationiir elec^rodeposQion coating process accordno to the present invertTon compnsss the steps of: 

(1) immersing a substrate In a cationic electrodeposilwn ooating a>npoBHton; 

(2) applying a votege between an anode and said substrate; wHch serves as a cathode, to thereby cause ooai film 
deposllfon; and , 

(3) further appiy^g a voltage to the coat f Urn depoaitad so as to incraase electric reaiEtance per unit volume of said 
coatfiln>i 

wherein. In said step (3). ooat films are deposited at those sites of the substrate where coat tarns have not yet bem 
d^Msited, 

said cationio electrodeposftfon coating oompositton having a time p^ wfien the elective resistance per unit volume 
of the coat «m deposited mo-eases in the course of electrodeposWon under constant-currant conditions. 

The present invention also proves a calionic eleg^vdeposdion coating conposition thai contains 10 to 300 mflli- 
molea of suifonium group and SO to 2.000 miilrmoias of ethynyl or nithle group per 100 grams of the soTid resins in said 
corrposttion. t 

20 BRIEF DESCfliPTION Of" THE DRAWINGS 

Fig. 1 schematicaRy shows the constitution of a four-sheet box type throwing power measifing apparatus. 
Fig. £ is a gi^htc representation of the reJalionship between elacirodeposHion time and film potential under con- 
fiiant-currem conditions (V-t cun/e) and ot the relationship between eiednxfepositfon time and nim thickness (prt curve). 
3s The solid line curve is the Curve and the broken nne curve is the owe. 

Description of the lattsrirq 

1 : plates far a/akJStion phe aiphabeSc letter indicating the suriiace to be evaluated and the parentheses Mlt^ting 
the revema side] 
2: a countar eiecticxle 
3: direct cun-ertt 
4; through holes 
S: an electrodeposMon vessel 
6: a magnetic stirrer 
7: eiectrod^sHion paint 

DETAILED DESCRIPTION OF THE INVENTION 

The cationic eiectiodeposltion coating process of the present Invention comprises the three st^ mentioned 
above. Step (1) is the step of immersino a substrate in a water-based paint conrprislniD a cationic electrodepositivi coat- 
ing composition. 

Said substrate may any substrate made of a conductive mate/faL Thus, It fndudea but is not Rmited ta van'oua alley 
sheets such as surKaoe- treated steel sheets, untreated steel sheats and gah/anlxed steel sheets, among others. Us 
4s shape is not crttfcal. Thus, it may have a einrUe structure, such as a plane sheet When applied to substrates having a 
conpiicated shape, such as autonwtive bodies and elecMo appOances. however, the cationic efectrodepcsifon coating 
process according to the present inventipn can produce ite effect to the maximum. 

The cationic electrodeposition coaling composition of the present invention has a trme point when the electric 
resistance per unit vohjme of the coat film deposited Increases in the course of electrodeposTtlon under constant-cur^ 
eo rem corxiitions. 

Thi*, by carrying out electrodeposition under constant-current condWons (constant-currem metiiod). said cationic 
electrodeposition coating composition has a time p<rint when the electric resistance per unrt volume the coat film 
deported initially remains constant after the start of coat film deposition as resulting from voltag e application and later 
changes. Said composition tilus possesses a property such that at that time point the electric reastance per unit vo(- 
55 ume of the coat film depofilted increases. Such electrodeposition diaractertstic, when Hlustraled in terms of the relation- 
ship between fDm potentfaJ aixJ eledrodeposftion time under constant^current conditions, shows a V-t curve as 
schematically showi In Rg. 2. 8aid V-t curve shows a flexion at time to and becomes a straight line arising to the right 
within a time range around the time to. 
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In the course d eJectrodeposition. Ihe f tim potential of the cxwt fflm tnorefiSBS proportlonsny to the fflm thidwiess 
when the electric resistance per unit vofume of the coat fitm is constant In cJectrodeposiBon by the constart-current 
method^said f Hm thidoiess increases prx;porijonafly to Sme, as shown by the \L-t curve in Fig. 2. Therefore, in ihe couree 
of alBctrodepositlon. said film potential increasee prtiportionaily to tfme. Thus, when the retetionsWp betweei IBrn 

s potential and electrodeposTtfon time under constanhcun'Bnt condiliore qivbs such a V< curve, the efectrio resistance 
per unrl volume of the deposit cost film changes at around time Iq: the electric resistance per unit volume 61 thedeposH 
com f3rTi after tinie to irio-eaees as cornpared with fts vaJud before tiTO 

When eieerodeposition is canned by said constant-current method, the abov©^nent^OTBd cationic eiedrodeposh 
Con coating compoeitfon to t)e used In the process of the present hveirfon satisfies 6uch prerequlsfte, with the V-t cun/e 

iQ mentioned above showing an afrnost constant Inclination in time ranges bdbre and after time to- Said lime is ihe time 
point when said elecWc resistances per unit volume of the coat fUm increases, in the present specificaiion» the tfme at 
which the etectrtc resistance per una volume of said deposit coat film Increases is hereinafter refen^ to ^ 'transWon 
poirrt". 

The eie<±nc resv^ce per unit vdume of the coal film can be calculated accofding to the tollowing formula: 

R,=.(Vyi>xSx(1/n^> 

whore B, Is the electric reelstance par unit volume - cm) at time ti (sec). Vi is ffia Iflm potentJal (V) at time ti (sec}. 
I is aie current (A). S Is the area (cm^) or the substrate, and |x, is thefflmlhiGKness (cm) at time t^ (bbo). The resistarve 
so of the solution la neg f ected, however. 

On the occasfon of measureit^ent o< the electric resistances per unft volume of the coat film, the current per unit 
area of an s^wtrate is selected within an appropriate range suted ter detecting said transitJon- point Preterred are 0-5 
to 30 mA/crrf. Below 0.5 mAA^n^, a long time may be rDquired until the eDq>reS5«on of the transftron point and the tran- 
sition pdni tfi not clear. When the currertt exceeds 30 nWcm^, the transition point may appear instantaneously^ which 
^ Is not suited fcur observatioa A more preferred range rs between 2 and 10 nWon^. 

The trartsttion point ^ Is riot definable generally but a changeable value depending on various Actors, euch as the 
current applied, the temperature of the cationic electrodeposib'on coating compoeition bath, the Wnd of the eubstiate, 
other p^rysica) factors; lha concentration of funoional groups in cationic etectrodepoeition coating composrtion that 
is capable of ion releasing tpon voltage application, the addition or no addition of an electrolytic reaction promoter, and 
TO other chamJcai fectors. More specifically, the value to t>ecome6 smaller as the cun-eni applied increases. The value ^ 
becomes smaller as the tenperatum of ih& cationic eledrodepoelKon coating composIUon balh fail^ As the electrfc' 
resistance of tiie substrate incraases, the value to becomea smaller. As the ooncentiatiDn of functional groups capable 
of ion releasing upon voltage application (to be axpla'ned later In detaB) is lowered, the value to becomes smalsr. In the 
pr^ence of an electrolytic reaction proinoter added, the vafue t^ is srna/ler, 
as When, fty instance, an untreated cold-rolled steef sheet ie used as the substrate In the practica of the present 
Invention and the constant^rrent method is ernplpyed at a current of 0.5 to 30 mA/bm^, the time until appearance of 
said transition point is about 20 to iOQ seconda. ' 

h is preferred that for the catiDnlc electrodeposmon coating composition to be used in the praetk;e off the present 
invention, the electric resistance per unit volume of the coat film shows a behavior euch tiiat when the electric re8ls^ 
40 ance just before said transition poim are compared with ti>e electric resistance afler said trarsition poim and jusi belbra 
the occurrence of film rupture, the value just before oipture is not Jess than'twice the vahie just before the transilibn 
poffit When the tormer is less tiian twice the latter, the throwing power may be insuff IcienL A more prefen-ed ratio is not 
less than 5. GeneiaJI^^ the time porrtt just Oefore said rupture can be daflhed ae the time point at which the film potential 
arrives at a certain vatu^ lor example 4O0 V. 
48 Said cationic electrodeposition coating con^poMon preferably contains a component having a functional group 
capable of ion rel easing upon further voltage application to the deposited ooat film after eoait film deposition on the siv^ 
face of tile substrata. 

The functional group capable of Ion releasing ifwn vohaga appOcation is not oritical taut pr^erabiy is a hydratabie 
functlonaf group, in particular suHbnium saft Whan a voltage or cunent not lower than a certain level is applied in the 
£0 course of electrodepo^'tion coating, the ionic group is lost as a result of the electrolytic reduction reaction shown below, 
hence can ba irrevereibry rendered non-conductrve. 
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Tnifi an outs^rKing feature when corrpared wrrth the reversible Ion release by 1^9 amino groip mtroduced in con- 
ventional catlortic eJectrodeposiUon coating compositions fbr rendering them hydralablep as mus^ated belOMr. According 
to the present invenlion, cattonic electrodepoeHion cbeting compoeitiDnfi hqcving the above eiedrDdeposltlbn character- 
iellc can eultstibly be prepared b/ ueins eUtonTunn eatt aa the Actional ^mf) capable of ion releaeing upon voltsgo 
application. 



. (el^rodeposltloii> 



The amount of the functional group capable of ion relaaeing upcy^ voltage appdcaiiDn i'b preferably in the range of 
10 to 300 mmo(/iOO g of the resin solids in ^aid catiorHc electrodeposrtion coating con^jo^it'ofi. At a level below 10 
mmol^OQ g, the required throwing power cannot be produced and the bath stability becomes worsened. At a level 
A) exceeding 300 mmol/ioo g. the coat fflm deposition on the surface of the subsfrate will be poor. A more prefen-ed range 
l820to 100 mmot/lOOg. 

The above cationk; electrod^eilion coating composition may contain another cat'onic functional group within lim- 
its not inpaiing the above electrod^>ositlon charactertetic A$ $uch, there may be mentioned, for exarqple; an acad* 
neutralized amino group. In that caee^ the mole ratio between eaid acid-nsutTalized amino group and the functional 
9S group can^e of Ion releasing upon voltage application is preferably 0:100 to 50:50. 

When said catfontc electrodepcst'on coatir>g composition contains a component having an unBaturated kxxid in 
addrtlbn to the functiana! group capatole of 'kb\ rafeaslng upon voltage appllcatlan, a farther Inproved throwing power 
can be obtaf ned aHnough tna reason therefbr la unKnovm. it is thus preferred thai said cationfc electrodepoeition.ccatng 
corrpo6)t2on further contain a component having an unsaturated bond. 
40 Such unsaturated borxl can function sko as a curable functional group In the catiortic electrodepositidn coating 
coiT^osition. As us^ hereia the 'Unsaturated bond" means a cafbon-cart>on or carbon-hetero atom double or triple 
bond. Said unsaturated bond may occur as a pendant-group tarminaUy to the molecule or as a part of the chain. From 
the avaiiabinty viewpoint however, it is prsferred that said bond occgns tarmlnally to the molecule. TTia athynyl or nltrae 
group is prefarred as such terminal ur^turated bond. 
49 The Content of said unsaturated bond Is preferably 50 to 2,000 mnnoi/lOO g of the resin GoBds bi the cat'onic elec- 
trodeposition coating composrt'on. At a level tselow 50 mmol/lOO g. the effect of the unsaturated bond on the throwing 
power is not substantial and the curing becomes risuff Iclant. At a level esocBeding 2,000 inmolhob gi the hydra^on 
bnay of the coetrig composrSon may be adversely affected. 

The cationic electnxlepositlon coating proofs of the present Invention can suitably be carried out uang the catl- 
Go onic electrodeposition coating composition of the present invention, which is descried in detei! in the fbllowing. 

The cationic elactroddposiiion coating composition of the prasem Invention contaons a basa rasin. The base resin 
Is not Dmited to any particular species but pref^abty is a polyepoxide havir^ at least two g^ycidyl groups per motecula 
so that said functional group capable of ion releasing upon voltage applicaton or said uisaturatad bond can be readily 
Introduced in the resin skeleton. Said polyepoxide includes, but is not limited to, er^isepoxy resins: chain extension 
sf products derived therefrom using a diol, dlcartMoeyllc add, diamine or the MKe; epooddlzed polybutadiene; novolak phe- 
nol type polyepoxy resins; cresol type polyepoxy resins; poiygiyddyi acrylate: sqohatlc polyol- or polyetner poiyol- 
derhred polyglycidyl ethers; and poiybaslc carboxylic acid poiygiycidyt asters, among others. 

Said basa resin preferably has a number average moSeouJar weight of 250 to 20,00a more preferably 500 Id 5, 000. 
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The rrwthod for introducing th« funcfionaf group capable of ion ralessing upon voHage appJtcaton into the ba$e 
resin is not limJted to any particufar one. When said functional group is a sulforrfum group, the introduction can be 
effected, for exampie. by subjectinsj a 6uride-ac« misrture to reactfon with the gJycfdyl Qruup remaining in said base 
resin 

s Said sutfide indudes, but is not limfted to, aliphatjc suffides, aiiphatic-aromalic mixed suffkies. araJI^I 6U)fUes» and 

cydic sulfides; anwng othere. More ^>ecif Ically, there may bs memloned diethyl suffWe, dipropyl sulfide, dibutyl sulfide, 
dihsx>< sulfides dlphenyf euffWe, ethyl phenyl sulfide, lelramethylenesutflde, panlameihy1»esulfide, thiodlethanof. Ihh 
odipropanol. thlodlbutanol, 1-(2-hi«jroxyHkhyfthio>2-prqpanoi, 1-{2'\r^<traxyeilh^k>)^ and H2-hydrao^ett^- 

thio)-3-butoxy-l -propanol, anwng othere. 
to Said add is not llmiled to any particufaF «pedes provided that it can serve a$a counter anion to the functlonaJ flroup 
capable of ion releasing upon voltage appBcalion. Thus, it indudes. among othera, temilc add, acetic add. lactic add. 
propionic add, boric add» bityrfc add, dimethyloipropionic add. hydiochloiric add, suHUric add. phoqshoric add. N- 
acetylglydne, N^acdtyf-p^anrne. and the JIhe. 

The amount of the functional group capable of ion releadng upon voltage applicab'on is preferably 10 to 900 
IS mmd/ioo g of the base resin solids. At a level belowr 10 mmotnOO 9, poor bath stability may restit due to the shortaQS 
of the hydmtable fundiDnal groupi At a le^ exceeding 500 miTOl/lOO g. the hyciBteble fcrotianal ^up becomas 
excessiver worsening the deposition on ttie surface of the substrate. A more prelen^ed range is 20 to 200' mmd/lOO g. 

When a suHbnium grpup I9 employed as the functional group capable of Ton releasing upon voltage application, the 
use thereof In an aniount about half that of conventional add-neutralteed amine can disptay suffldent hydratabirity docs 
£10 the hyd/aiabilily of the sulfonlKn group per functfonaJ group is relatively high: the cslionTC efectiodeposltlon coaling 
composition obtained has good bath stabllHji 

When seid base resin contains an unsaturated bond such as mentioned above, the method for introducing said 
unsaturated tx^nd is not limited to any particular one. Thu6» for example, mention may be made of a method comprrsing 
binding, by addhion reaction, a triple bond-containing corrpound such as propargyl alcohol a nitnle group-coniaviing 
28 con^Mtmd such as ethylene cyanohydrin, or the liHe to the glyadyi group occurrfng in the sMeton of said base resn. 
It Is also possible to react the aaoondary-aicoholic hyciraxyi group formed upon ring opening of the gJycidyi group 
with epichiorohydrfn or glycerol-^ ,d-diehlorohydnn to thereby 3-chioro-2-hydroo(ypropylata said bydroxyl groups IbOowed 
by elkTrination of hydrogen diforide to obtain a glyctdyl group again. 

In addition to the abot/e. ri is further possible to prepare & base resin contaHirng ^a above unsaturated bond by 
90 copolymBrizing a monorrwr containing the unsaturated bond within tiie molBcule^ gudi as a monomer derivad Irom 
addition of pmpargyl alcohol to glyddyl methacrylaie, or acrylDnitrlle. wHh at least one other monomer. 

Said other rmononror may be any one capable of being used in Vie «votynierl«ation mentioned ab<w. JhUB, h 
tnckjdes. but is not limited to, methyl, ethyl, propyl, n-butyi, t-butyi. t-outyl, 2-ethythflxy4, lauryl, phenyl, bensyl, 2-hydnK- 
yethyl. 2-hydroxypropyl. 4-hydroxyt3utyf and other estoi^ of acrylic or metiYdorylic add; Placed ^ series monomers (2- 
s$ hydroxy^hyi methacrylate-caprolactone adducts: products of Daicd Chemical Industries}; acylamida and derfvatfves 
thereof such as N-metiTyiolacTytarnlde; styrene. a-methyistyrene, vtnyl acetate and Ihe like; 

Since tiie base resin itself has curability, no curing agent need be contained in the practice of tiie present inventtoa 
The oomposiljon may oontain a curing agent as necessary, however. Pre*erred as such are tiiose containing a plurality 
of etiiynyl or nhrile groups. Curing agents of the blocked iscxyanate type may also be used. 
40 As said curing agents containrryg a plurality of ethynyl or nhrile groups, there tmy be mentioned those obtainaUe 
by sU^ijecting a triple bond^xjntanling compound such as propargyl alcohd, a nitnle gioup-containing compound or the 
like to addtion reaction with novolak phenol pdyepoxide. pentaerythrrtol tetraglyddyl ettier or the Ske» 

The atxive-fnerrtioned cartoon-carbon tilpie bond pdymerizatlon system curing agents and niiriie-nilriJe polymerl- 
zalian system curing agents may be in the ferm of seJf -emuisfflable emulsions prepared by introducing the above-men- 
40 tioned functional group capabiB of ion releadng upon vottage sppllcatton Into the remaining glyddyl gnn^x The method 
tor introdudng the functional group capable of ion releasing upon voltage application is not limited to any specific one 
but may Include the methocfes mentioned above with respect to the base resin. An emulsion prepared by using, as a 
core, the product of introduction of a triple bond into ail glyddyl groups and, as a sheM. a compound having both a triple 
bond and the functfonaJ group capable of ion reiaasing upon voltage appfication may also be used. 
BO In tiie curing agent, the content of the unsaturated bond and tiie content of tiie functional gnxp capable of Ion 
reieadng upon vottage appflcation are preferably adjusted so that they remain mthni the respective ranges specified 
hereinabove in relation to the cationio eteotrodeposition coating composftfoa 

While the above-mentioned curing agents need not be used, the level of additior) thereof in cases where they are 
used r$ preferably not more tiwi 80% t^y weight as resin solids in the callonic eiecbrodeposttion coaling cofnposition. 
65 The cationfc sfectrodeposition coating composition preferably contains a transition metal bound to an orgai^ group 
as a catalyst Ibr promoting the curlnfl reaction bstween unsaturated bonds. 

Said catalyst Is not iNnHed to any particular spades but includes, among others, those which contain a transition 
metal, such as nickel. cobaH. ccpper. manganese, palladium or rho^m. as bound to a Itgand such as oydopentadiene 



6 



PAGE 1M6 ' RCVD AT 6/1SQ005 3:13:42 PM [Eastern Daylight Time]^ 



JUN. 15. 2005 3:26PM 



&H 202 293 6229 



NO. 5679 P. 20 



EP0 854 207A1 

or aeetytacetone, or to a carboxylic acid such ae acetic acid. 

For film thkAnasa control arxi throwing power Imprnvement a nudeophffic reagent and/or dectromedlatty may fur- 
ther be added to the stxr/B cationtc elecrodeposrtion coating composrttoa These ingredients can prorrote the electro- 
' lytic reaction of the functional group capable of ion releasing upon vottage appficatioa 
5 On the occasion when the tunctionai group capable of ion rel easing upon voltage appfication undergoes electrolytic 
reduction, said /ludaophillc reagent promoteB the deavage of the bond between the hetero atom, wh^ constitutes the 
funcdanaj group capable of ion refeaaing upon voRage appHcabon. and tha carbon atom In the resfri skeletoa 8inoB tfie 
caztxvi atom In the resin skeleton Is biased toward the eiectronieal)y posffive sidec a nudeophilio atladc on aaid carbon 
atom can causa said deavaga The nudeqphiiic reagent is therefore not United to any particular species provided that 
10 it has a lone election pair having nudeophOidtvc As epedfic eacamples, there may be mentioned amfnea such as 
ariphatic amines, allcyefic amines and an^matic amines, anrtong otheis- 

$ald nudecphinc reagem can be dfrectfy added to the catlonic electrodeposition coating conpamon, in the case 
of oonventionaJ neutralized amine type catlonic electrodepoeitlbn coating eompasmons, a fl^ee amine, when added, 
deprives the base redn of the neutraliang acic^ reridering the electrodeposition bath very uneiabiek On the oontraiy in 
IS the case of the catlonic electrodeposition coaling composition used in the practice of the present Inventiorn such bath 
stabSity inv^mem vnH not result 

Said nudeophllic reagerri is added preferably in an amount of 0.3 to 25 meq^lOO g of the re^in eol ide In the cationje 
efectrodepDShion coating composition. At a level belM 0.3 meqnoo g, the Increase Ih electric resistance per unit vol- 
uma of tha ocatlilm as resuitirig iram voltage appioalion at a constant cun-ent may became slosw, hence a sati&l&ctQry 
so efftet on the throwing power may not be obtainedL At a I»bI eocceedirtg 25 meq/100 g, the effect may be no more pro- • 
portional to tiie addrtion level, hence such a i»^ Is uneconomical. A more prelerred range is 1 to IS meq/100 g. 

A matal mediator is preferred as said electromediator. As example, there may be mentioned compounds corr^ing 
tin. Cobalt 2inc bismuin^ titanium, chromium, manganese, cadmium or the like. Amor>g them, tin corrpounds are pre- 
ferred. More specHicaily, tlln acetate ts pr^erred. 
zs The level of adt^on of the electromedlator fa preferably 50 to 5,000 ppm In the cationrc electrodeposition coating 
composition. At a level t>elow 50 ppn\ the electromediaior may not produce its effect to a satisfectory extent. At a level 
exceeding 5,000 ppm. the efficiency of coat film deposition may maikedly decrease, filing to gfve a sufficient film thid^ 
nessL A rnore preferred range is 100 to 1 .000 ppm. 

Said electromediator is a sut>stance showrng a higher reduction potential as compared wUi the functional youp 
so c^iatile of Ion rdeasing upon vcitage application afKl is surled as a promoter of the electrolytic reaction of the furu;tfdnal 
groupL Upon application of a voltage, said electromediator is first reduced and the electromedlator reduced reduces the 
functional group capal?ie of ion releasing upon voHaga applicainn, whereupon the kxr releasing reaction of saJd furv- 
tional group becomes easier to take place. 

The above-mentioned cationic electrodepoertion coating composition may contain a pigment and a pigmem dia- 
. 3S pereing resin. 

Said pigment is not Dmited to any partTCular spedes but ir^fudes, among others, co^ pigments sucn as titanium 
dioxide. cart>on blade and Iron red cxide; ami-corrosion pigment sucti as basic lead silicate and aluminum phospho- 
molybdate; fillar pi^arrts such as kaoBn. clay and taJc; and other pigments commonly used in cationic electrodeposi- 
tion coating compositlone. 

40 In the above calionio electrodepositicn coating cornposition. the level of addrtion of eaki pigment is preferably 0 Id 
50% by weight as soJids relative to the cationic electrodeposition coating compositiorL 

Said plgment<fispar^ng resin is not limited to any spedfic species but includes those in general use. TTiosq con- 
taining the above-mentioned functional group capatsie of ion releasing upon voltage applIcaUon or the above-mentioned 
unsatunsted bond may also be used. The pi^ent-dispersing resin containing the functional group capable of ion 
49 releasing upon voltage appltoaflon can be prepared, tor exampla, In the Rollov^ng manner. 

A hydrophobic epoxy resin obtained by r^cting a bicph end type epoMy resin with a haH-blockad isocyanata is 
reacted witii a sulfide compound to give the desired resin. It is also pcesrble to react a sulfide compound vAh a modified 
epOK/ resin obtained by reacting a bisphenol type epoxy resin wtth a half-blocked isocyanata, in the presence of a 
monobasic acid and a hydroxy-contalning dlbask: acid lo give the desared resin. 
00 Furthermore; conventional addhives, such as surfectant, antioxklant ultrayiol^ absorbefi etc., may be added to the 
cationic electrcdeposilnxi coating composition. 

The catfonic elecffodeposltlon coating composition of the present inventicn is prepared by adding the ingredients 
or additfvee mei^ioned above to the base resin as necessary, dispersing the mixture in water and adjusting the nom^- 
atile matter content m the bath to 15 to 25%. Then rt is used ki the oatfonic etectrodeposition coating process of the 
ss present inventioa m that case, it is necessary that the aultonium and/or ethynyl group comem In 100 grama of the reeln 
solids In tha cationic etedrodeposttlon coating camposHlon be acQusted witiini the range mentioned above. . 

While the characteristic feature of the cationic electrodeposHfon coating composition mentioned above becomes 
distinct whan H Is used in electrodeposition under cortstant-current conditions, said composition can of course be used 
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in etecirodepofiitiQn under conditioxv other than constant-current concfitions as well. 

In the process of the present rnvwrtlon, step (2) is the step of applying a vdtaoe betwaen the aubs{rata which 
serves as a cathode, and an anoda. to thereby cause cost film depcXi. -me voltage to be appS SnSt^l^ 

consornption becomes uneconomically excessive^ By aflplying a voHage within the abo^ ranoe in the pracSce^e 
pr^semrnver^r^^ 

suh^e submitted to coating, without rapid increases in film thickness fn the course of eiectrodepo^on. 

men22^isr;ri^^ 

inje process the presarit Invention, step (3) is the step of further applying a voltafle to the coat Hm deposited 
^^frfS ^ "^^"^^ '"'^'^ resistance per unft voTume of said coat film. Said step (3)W t3e 

conducted fbHwirina step (2) rn a continuous manner or, after coat film formation in step (3). the voftage a^^icaifon mar 
be once discomlnwd.ldao«^ ay applyfrtQ a voltage agai^ ^ wicaoonmay 

^«aid step a voilaee is furtha' applied tothe coat film farmed In st^ 
be the saine or d»terent from that applied fn siep (2). m cases where voftage application fe continued frornX, (2) to 
^ ^ "^"^^^ ^ «^><V ^« same vohgge. fn the process of the present ln>/erttian, o»/ing to the dee^epo- 
sition chaiacterietic of the cationio eiectrodepo^on coating compoation which consbtutes the coat film, the eiectrio 
resistance per unit volume of the coal film Increases as a result of further voltage appllcat'on In step (3). H thus becomes 
pos^ to mart^ay improve the InsuJaiion pertbrmance of the coai film already farmed In the process of efectrodeoo- . 
20 sitlon and it also becomes possMe lor the coat film to acquire sufficient Insulation perfbrmance wdhci^ resulting inan 
e»cfisafve increase bi film thickness. At the bma point when, at a erte of the substrate, an incra^ee Is obeerved in the 
etectnc resistance per unit volume irf the coat film, the electrodeposition on that site is SLibstanlialiy conv3iet& Immedi. 
atefy thereaftar, coal film deposition basins anew at an uncoaied srte of said substrate. The above pnxress repeated 
and, as a t^\t. coat f ilm formation can «naDy be attained in ail parts of the substrate. In this way. the process of the 
25 present invention can markedly Increase the electric resistance per unit volume of Ihe coat film and remarKabiy imwove 
the tfwswing power onto the substrate ttirou^ the step f3). 

In the process of the present \r^^<x\, tfte total time required in the abo^^etepa (2) and (3) can gefiefBOy be made 
2 to 4 minutes, although it may vary accorcfing to the efectrodeposftfon condHions. 

Aft©- completion of the eiectrodeposrtion process, the coat film obtained in the above mmter, ^er as K is or after 
M washing with water, is cured by baWng at 100 to 200»C, preferably 140 to 180»C. for 10 to 30 minutes, ter compietton of 
the coating process. 

In the cafionic electrodepoamon coating process of the present invention, the thicknesa of the coat fPm obtained la 
preferab^y 10 to 25 nm. When rt is betow 10 ^m, the con'osion reelstanca may be bisufTkrlent TWckneases exceeding 
25 >i m may result in paint losses. The cationlc electrodepoeition coaling process of the jlrosent Invention can achieve 
SB coot film formation with a substantially unrfbnn fim tNciaiess all over the coated surface even vvhen the coat fim tNck- 
ness is smaD and within the range mentioned above. 

The catlcnic efectrodepoeition coalirtg process of the present Inventioa wMch comprises ttie above-meritioned 
steps (1). (2) and (3). can realize auccessh/e coat film fermaiion on the surges of the substrate subntitted to coating to 
give a generally unifbrm coat fUm with a high level d throwing power. ITierefere, not only those parts which come Into 
40 contact with a large volume of paint in a short time but also details, such as emal holes and weUed portfons can be 
provided with a coat fim having a sufficient fDm thickness. 

rn stGp (2) oi the cationlc eleoirodeposllion coating process of the present invwtton, the electrfc resistance of the 
substrate remains at a tow levels so that qaark discharge of hydrogen gas generated on the sii^strate hardly occurs and 
zinc gas pinholes are haicfly termed^ 
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BEST MODES FOR CAHRYINO OUT THE INVENTION 

Tlie fbltewing examples Olustrate the present rnvenfion In further detaa but are by no means flmltative of the scope 
ofthelnv^lon. 

Proehiction Example 1 Production of a sutfbnium - and propafqY^.<;«n^ai.nrrt^ ^p^i^y iy pa catfontc re^f p 

A flask equipped witf) stin^r, thermonwler. nifrogen inlet tube and reflux condenser was charged with 900.0 g of a 
bisphenol-based epoxy resin with an epoxy equivalent of 450 (Epikole 100 1 . product of Ybka Shell epoecy). 446.0 g of 
pn^pargyl alcohol and 3.0 g of dimelhylbenzylamfne. The tomperatura was then raised to 120'C arxJ the reactjon was 
allowed to proceed iFitii no more epoxy group was detected In ^)Oxy equivalent detenrtnation by hydrochloric aciddh 
Qxane method. Thereafter, unreacted propangyl ateohol was completely distilled off using a vacuum pump. Then, 
l,4fl0.0 g of epichlorohydrin and 8.0 g of tetramelhylammonium chtoride were added, the temperalue was raised to 
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SQ^, and 1 72.0 0 cf a 50% aqueous solution of sodrum hyrfrojdde was gdded dropwfee ovef 2 hours. The reaction 
further a/lowed lo pro<»d for S hours under reduced presew-Q whflo continuousfy rcnwing the byproduct vi«ter as an 
azeotropic mixture with epichtonohydrin. The excess epichforohytirtn was distilled off under reduced pressure, tduane 
v«s added to the remainir^ reaction mlxiura. and the sodium chlorfcla tormad by the reaction i«as contplfltely removed 

s by phase separation usino waier and toluene. Thereafter, the toluene was dstiUed ofl under reduced pressure, to give 
a proparaykmntaininp recin with an epoxy equivalent of 570 (flieqrfi$caf value; 562). The yield wes 88.0%. 

A flask equipped wfih sAnm, thennometer, nitrogen intal fubQ and reflux conctenser was charged wfth 1,140 g of 
the above resin, 272.0 g of 1-(a-fiydroofyethylthlo>2i3ropanol, 360.0 g of a S0% aqueous solullon of lactic acti and 
108.0 g of deionieed water, the tenperati^e was raised to 75°C and the raadjon was aUftwed to proceed f6r 6 hours. 

10 After it was Gonfirmsd that the add value was 5 or less. l37.2gofdeiani2ed water was added to give a desired resin 
solution. The solid matter concantrafa'on was 70J2% !y welgm and tha suHbnlum vaJue was 71 mmol/lOO g. 

Producfion Example 2 Pfoduction of a sulfanhim. and oreoflrovi-«ftrt teinrn£» giaxvtype caflonic 

IS A fiasK eqiipped with stirrer, thernttitteler, nitrogen inia tube and reflux condenser wae charged wflh 1,663.5 g of 
a cresQi novoiak-basad ^racy reski with an epoxy equivalent of 200.4 (Epo Tohto YDCN-701 . product of Tohto Xaeei), 
51 0.5 g of propargyl Alcohol and 5.0 g of dlmethyltsenxylamine. The terriperalure was raised to 1 25»C and the reaction 
was allowed to proceed for 3 hours to give a propargyl-conminlnfl epcscy rasln with an epa;^ equivalent of i .^80, 
Afla&k equipped wrth stirrer, thenTcmater» nitrogen inlet tube arxl reflux condenser was charged with 1,089^ g of 

ao the above resin, 99.0 g of 1K2-hytJrQxyBthytthto>2,S-propan«jlo/, 39.0 g of glacial acetic acid and 93.S g of detoriaed 
vkrater. TTie temperature was raised to 76°C and the reaction was allowed to proceed for 6 hours. After It was conflmed 
that the acid value was 5 or less, 269.0 g of deionised water was added, to give a desired nesin solution. The solid mat* 
ter concentration was 70.0% by vidiQht and the aulfbnium value was 30 mmotnOO g. 

£9 Production Example a ProAjction of a euHpnltim. and niWIe-ftr^ iriino oohfeutadlene tvoa catfonic resin 

A flask equipped vWth stirrer, thermomeier, nrtrogan inlet tube and refUx condenser was charged with 1 .000.0 g of 
epoxidized poiybutadiene with an ©poxy equrvalent of 200 (NisseW Polybutadiene E-1000-6. product of Ni)pon Potro* 
chenBcaJs) and 204.0 g of cyanoacetic add The temperature was raised tp l W^C and the reaction was allowed to pro- 
30 ceed tor 3 hours. After it was conTnTmed that the acid value was 0. the mixture was cooled to VS^'C, 2ia6 g of 
thiodiethanol, S2.B g of idrmic add and 2S9.2 g of deionfeed water w«re added, arri the reaction was carried out Ibr 8 
hours. After it was confimied that the acU vahje was 5 or lese. 266.1 g of deionbed water was added to give a desired 
resin solutkxu TTie sofld matter concentratkyi was 69;7% by weight and the auHanium value waa 57mmol/100 g. 

^ Production Example 4 Pioduction of a sulfanium- and ni^'lfi^ntair rinq acrylic eBilonlqj fgK n 

A flask equipped with stin'sr. thermometer, nitrogen inlet tufcM and reflux condenser was charged with '400.0 g of 
isopropyt alcohol, and the corrtents were warmed to SO^C. Then^ a nr&cture, prepared In advance, of 95^ g of acrytonh 
trile. 1 60.0 g of etiiyf acrylate. 327.2 g of meihyl methacrylate. 175J5 g of n-butyl acrylate, 2ia.O g of glycldyl methacr^ 

40 ylata and 25.0 g of the polymerizatkxi initiator azobisisobutyronitrila was added dropwise over 3 hours. After 
corrpletion of the dropping, the mixture was maintained at 8Q°C for 30 nrinutes and th^ a solution of &0 g of saobf- 
sisobutyronitrfte in 142.0 g of Isopropyt alcohol was added dropwise wer 30 minutas. Tharaafter. the system was aged 
tor 1.5 hours while maintaining It at 80*a 7b the Ihus-obtafned resin were added 204.0 g of H2-hv««roxyethylt^>'2- 
propanol, 270.0 g of a 50% aqueous solution of lactic acid and 61.0 g ot deionized vtf^ar, and the reaction was oon- 

4S ducted at 75<'C for 6 hours. After it waa confirmed ^at the add valua vt^s 5 or le&Si there waa obtained a desired rasbi 
solution. Tha solid matter concentration waa 57.4% by weight and the suitoniuni value was 62 rrmol/lOO g. 

Production Example 5 Productkm of a nHrile-contaiftinQ aliphatie curfnn aoent 

so A flask equipped wHh stirrer, ifiermometer, nHrogen Inlet lube and reflux condenser was charged with 655.0 g of 
pentaerythritol tetraglycUyl ether with an epoxy equivalent d 213 (Denaool EX41 IN, product of Negaee Chemk^ie). 
510.0 g of cyanoacetic add and 1.0 g of dimetfiylbenzytannine. The terrperature was raised to 130*C and the reaction 
allowed to proceed untii disapp^rance of the epoxy group as confirmed by epoxy equivalent determinatk^n by 
hydrachfone acid-dimne method, to. give a desired resn solution. The solid matter concentration was 959% by weight. 



Procibction acample 6 Production of a ortmafnv^contalhlno arorn qtic curinn aoent 

A flask equipped wHh stin-er. thermometer, nitrogen inlet tube and reflux condenser was charged with 1,603.3 g of 
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l^y^H!^^'*^^ epoxy msfn with an epacy equrvaJsnt of 200.4 (Epo^Tohto YDCN^70l . product of TohtD KaseH 

^^1^»«'H^^ ""'iw '^T^^ ^ ^"'"P ^ «V ^ determines 

monctx^ty* ether was added to gn/e a dasii^ resin. The solid matter opncentrntfon was 7ao% by wefghT^ 



Example 1 
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« o n^^^^.^^^ Example t (742^9). 280 

Q 0^ the rtaJe^ ahphabc gunng aaorrt obtained In Production ExarrplaS. 120,1 g of deic^ water and 4 0 

^S'uL^?llf^ ^^^^ "'^^^"^ matter concentration to 20%by w^ghr. The thw^btanJ^eoC^ 

solution was used as an electrodepoeHion paint . «• ohuwjs 

Exanp]6 2 

5Ulfai^ and propargyKonteininff epOKy type catonic resin obtained in Produofion Example 2 (1.142.9 d) 
r^«f ^JfH??^!!?!y,'''^*°T ^^^"Py^^ Woh^efid rotary mDcer tPr 1 hour, toJIowS tiy ^ai/^n 
» waa added 46.0 9 of a 1 0% aqueous edulion ol N-methyteihanolaniine with stirring to oivb an etecnsdepoeiti paW. 
Example 3 

The sulfonlum- and nftmeK»ntainlng polybutadfene^iased caiionic resf n ctelned in Production Example 3 r742 8 
Bs ^-873^ 8 Of the propBrgyKonlaining aromatic curing agent obtained In Production Exarrpla 6, 26^ g of deJoni^ed 
SIS ? P^"^^ acetylacetonate were mixed by stirrlno with a high-speed rotary mixer for 1 hour. Then. 

2.857.1 g of deomzed vwater was added to adjust the eofid matter corTcenlmtion to 20* by weight, fcflowed by fulher 
^^i^^lSh^ ^ « « ^'"^^ solution of tin acetate with stirrfng to give an 

Example 4 

The sulfonium- and nttril^ntajning acryOc cattonic resin obtamed In Production Ex^Ie 4 {905.9 g). 373 a g of 
the proparlsyi-conlaining aromatic curirrg agem obtained in Production BcanpJe 6 and 8.0 g of nidta! ace^lacetonaie 
were mixed by stirring with a high-speed rotary mixer far 1 hour, followed by addition of 2.720.8 9 of defoniied water 
to ac4wt flie solid matter concentration to 20% by weioht Tb the resulting aqueous solution was further added 53.4 a 
of a 1 0% aqueous solufion of dimsthyfethanolamine wfth atlnlng to give an electradepesiten paint 

Measurement of the electric resistance 01 the coat «m 

Cold-rolled untreated steel sheets were ueed ac evaJuaiion sheets and immersed in one ol the electradepoeition 
paints obtained in Exanples 1 to 4, An electnc cunwit of 5.0 mA/cm^ was allowed to flow between the counter ele&* 
tmdes. Por each pairt the electric resietance value iuai before the refevant eyaiuaiion sheet ahowed a point of change 
in film potential (transifon point) and the electric resistanca value at ^e lime point whian the film potential aJtJired at 400 
V were cateulatfid from the nsspective film potential and film thicfgieaa data and the extent of Increase In eledrfc resist- 
ance was evaJuated. The resufts thufi ot>tained are ahown in Table 1. 

Mgasuremant of the t hrowing powef 

The measurement apparatus shown in Fjg. 1 was used to evaluate the tour-sheet box throwing power. Fbur iitets of one 
of the electnod^Mfiiuon paints pr^Mred in Examplea 1 to 4 was placed In a plasUc^ade efectrcdepoaidoncDBtfng ves- 
sel (1 00 x 250 x 200 mm) and stirred with a m^netic stirrer. Four zinc phoM^ated steel sheefa (J IS Q 31 41 SPCC-8D, 
treated with Surftiyne SD-5000) ware used as evaluation sheets and arranged at an inten^l of 20 mm. with the three 
from the direction of the counter electrode each having a hole with a diameter of 8 mm and allowing pen^rab'on of the 
paint only therethrough, to give a bax-Tika structure, wnich was then placed in the above eledradeposition coating ves- 
sel with a distance of 1 50 mm from the counter eJectroda The lateral sides of the evaluation sheets of the box stnjcture 
were treated for electric frisUaton so that no coat film could ba fenmed on said lateral Sides. Coaling was carried out ty 
app^lng a voltage between the evaJuation sheets (cathodes) and the counter electrode, wherein the voHage was laised 



10 



PAGE 23/66 ' RCVD AT 6/1S/20K 3:13:42 PM [Eastern Daylight rinie] ' Sffi^^^^ 



JUN. 15. 2005 3:28PM 202 293 6229 "NO. 5679 ~P. 24 



EP0 8S4 207A1 



up to 300 V in 5 soconds from Ihs start of voltags application and then maintained at 300 V for 1 75 seconds white con- 
b-olhng tliB bath tenp^raiiirs at TTie Ihus^ted evaluaiion sheets worewashed with water and baked at 1^ 
^ ^ "?^!!!!f " *8 ««" Wcteiesa on siirtaca A. which was the n«arest to the counter alectrode and 

the «m thickness on surtace G, xAi^h was the remotest from the oountar eledrode. were measuied and the (hrowina 
power w^ e^/aluated in temc of Q cuifeee^A eurtaae film thidoieBs taSo (O/A value). TTie resulls thus obtained ara 
Shown in labfe 1 . 
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Comparatfwe Example 1 

. ^^a^^''^ stirw. tf.ennon»t». nitragen Met tube and reflux condenser was eharged wfth 1 .900 0 a of 

SS -^£^2,^^^.^^.^; 0 Of dtemanolamfns w« added circle w«le TOlntaWni, t»,« sy««^ « 
Z?i k!^.T? !L?^ *Wlnfl^e temperaltir« was rased to 110'C andiha raacHon was allowed to proceed 
for1.5hour*toflivBare6lnsolutrcrtwafiai«in80lldBoontentDi68%. wwoowpweeg 
htJ^ir\Z'Z!S^f^^T ^''•'«V*««hanediteoeyanatB bybocWnfl wfth ethylene fllyco. mono-a-ethyl- 
St^SS^in-S!^" ^^r^.:^ " ^ solkis weight rafloof (resin solufionWcurina aaer?! 

Zr^I^lT "'^^ ^ *^"'=^' o» 21 g Of acetic add in 872 9 of de^ed waT 

^^^^ r«2!^r^ -rbcar tor 1 t»ur. 4,644 g of de.-on«ed water was further added to a^uia msJd^ 
conation to 15% by wafltrt Tha resulting aqueous solulion was used as an eiectrodeposilia^rit 

The eteetric reeteanca of the coat film waa monitored by the cor*|ant^iren» mettmd in the mmt muiner ae in 

theteur^etBoxthtowfcig power gave a QWvBlut Of 36.8% (I4«e). nw-i. cwwanon or 

Cofrpaiathie Exanvie 2 

A flask equlppad wi»» stirrer, thertnornater. narogen Intel tube and refiix condenser was charged wHti 1 .6635 a of 
awool riovolak*as9d epoxy resin with an epoxy equivalent of 200.4 (Epo-lbhto YOCN-TOl. pr^ua of 1bhto K^l 
ASfAQ of piopargyl ateohoiand 5.0 g of dimethylbenzylamine. Thetemperaiura was raised to and *er^i' 
was alk*«d to p«caadtor4ho«rs. After (twascortfirrnad that the apoj^^ 

andttie reacton was conducted at 120«C tor 1.5 hours to give a resin solution with a resin itm coniantoi M9t 
^ J^llI, ■ ' '^l^J of this resiri solution was add ed to an aqueous sdulion, preparad in advance, of 2S. 0 g 
of tactic aDd .n^4^8 cf decnised water, fbiiowed by addition of S O g of nickel aoetylacetonata. After one hour of sfir- 
rmg with a h^^^speed n»xer. 2^.0 g of deionized water wasfurlher added to artist the solid matter concentration to 
20% by weighL The resulting aqueous solution was used as an feledrodeposakKipaint ««iBenirapon ;o 

B.,Il!r "^st^iceof ».e coatfilm was mamtored by the constant-current method in Ihe same marrier as in 

Btarnples 1 to 4. No increasing change m elacirtc resistance per unit voluma of the coatfilm una noted. Evaiuafion of 
the nur'Sheat bCK thiXMing power ^ve a Q/A value of 40.6% (1 aiS») 

as EFFECTS OF THE INVEl^ON 

The cationic electrodsposltton coating process of the present invention, which has the consiHUion menSoned 
above, produces a very high ihrowing power end can tarni a satisbctDry coat film even on details of a substrate having 
a very complac structure hence can tenn a genenady unifonn coat flm. The eidernal sheele of a subetrate can be 
40 coated wiihout unnecessarfly incraasing the film thickness, hence a retiioion In the cost of caSonio elecHodeaeeition 
coatmg can be nMlbed. 

Clafins 

« 1. A oafiontesieclrodi^oallton coating proceaa'whlchconvriEBs ihe steps of: 

(1) iihmersing a substrate in a cattanic eiectnxiepoGifion coating eofiv»Gition: 

P) applying a voltage between an anode and cald subetrate, wtWi serves as a catttade^ to thereby cause coat 
flm deposRian; and 

«9 P) ftirlher applying a voltage to ihe coat film deposited so as to increase electric raelstanee pv unH volume of 

said coat f flm, 

whe^in. in saki step (3). coat fims are deposited at those cites of the substrate where coat fjlm$ have not 
been depoerted, 

eaxj catiortc eJedrodepo^on coating corrpo^'on having a time point when the elearic resistance per unit 
S6 voiume ol the coat flm deposited increases m the course of electrodsposfflon under constant-current cofKli- 

tions. 

2. The cationic electrodepoerliDn coetino process according to Qaim 1 . wherein the increase in electric redstanoe per 
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tainGd in saw co« fJm. which occurs in step p) '"^'^^ '^leate by a hyd>3table functionat groupcon- 

4. The caiionic electrodeposition cutfna process accordng to Oa/m 1. a or 3. wherwi the cationii: eisrfmri-«d«»- 
coatfng composition contains a canponent having an unsaturated tend. elecinjdepcsition 

6. "niecgjioolcelectroeleposlfloneoaUrioprocttsacoofdlnflioCteimt 2 a 4arS whor»fn ««~- , 

^■onccatngconposibonairo^atheVeci* 
ts '««^'««'«-thant»o4c,.din«^coi«>eof«Idelsc««^ 

^' *^'°,,?l^"*5«^«»!!f?<»n»i06illon whte^ lOloaoOmaiimoleso* 8ut1bniumafouDa«JSo 

to 2000 nm,r^ sthyny. or rtWIe flnaop per 100 fl«n« Of the total resin solid in said c^J^rT^ 

« a ^® ^«*'^fiP<"*'*"""«^CDIip06iti ^. . ,^ 

50 
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